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Description
FIELD OF THE INVENTION

[0001] Thisinvention relates generally to radar system
circuits and communications systems circuits and, more
particularly, to multi-layer stripline radio frequency (RF)
circuits and interconnection methods.

BACKGROUND OF THE INVENTION

[0002] As is known in the art, a radar or communica-
tions system generally includes a transmitter, a receiver,
and an antenna having a feed circuit with at least one
conductive member generally referred to as a reflector,
radiator or antenna element. As is also known, an array
antenna can include a plurality of sub-assemblies having
phase-shifting elements and transmit/receive (T/R) ele-
ments disposed in an array having multiple layers inter-
connected to provide modules. RF signals can be phase-
shifted and received or transmitted using the same radi-
ator.

[0003] To enable the transmission of RF signals be-
tween the active T/R modules and the radiators, radar
and communications systems utilize a plurality of RF
transmission line circuits (also referred to as stripline cir-
cuits) which couple transmitted and received signals be-
tween the radiators and the active transmit/receive mod-
ules. The RF stripline circuits are conventionally provided
as multiple layers of RF circuit boards that are stacked
and bonded together for mechanical support and include
RF transmission lines physically interconnected with
plated vias. The interconnection of sub-assemblies is re-
quired because of restrictions in drilling and plating "blind"
vias (i.e., vias interconnecting stripline circuits that ex-
tend only partially into a multi-layer laminate).

[0004] Conventional approaches to interconnecting
stripline circuits are limited by relatively tight process tol-
erances such that the number of laminated circuit board
layers that can be interconnected is limited. A first known
approach to interconnect circuits is to solder individual
RF circuit boards together. This approach attempts to
make the interconnection between pairs of via pads and
between ground planes on each of two circuit boards.
The reliability of soldering via pads is limited because the
solder flow is difficult to control. Short circuits are some-
times caused by the solder bridging a relief area between
a via and the ground plane. Open circuits sometimes
result from a lack of solder (also referred to as solder
starvation) connecting the via pads and the interconnec-
tion to other circuit elements. These reliability problems
result from process parameters which are difficult to con-
trol.

[0005] Conventional soldering techniques require the
fine tuning of multiple process parameters such as: sol-
der volume, solder composition (i.e. the tin-lead (SnPb)
percent composition), solder flow, bonding temperature
and pressure, and circuit board flatness. Furthermore,
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solder joints are susceptible to failure due to fatigue from
temperature cycling in an operating environment.
[0006] Excess solder volume can cause short circuits
if nottightly controlled. If there is too much solder between
via pads, the risk of shorting the via to ground is in-
creased. A lack of adequate solder volume increases the
risk that the area between via pads will be starved of
solder causing an open circuit or poor RF transition. Sol-
der composition controls the tensile strength and melting
point of the solder. For example, a higher percentage
(e.g., 90%) of lead results in more malleable solder (i.e.,
less brittle and less sensitive to cracking) but significantly
increases the melting point (e.g., from 275 to 302° C).
The higher melting point requires higher temperatures to
be used in stripline sub-assembly fabrication. Converse-
ly, higher percentage (e.g., 90%) tin composition results
in higher tensile strength (but more brittleness) and lower
melting point (e.g., 183 - 210° C). Moreover, the limited
range of usable melting points restricts the number of
times an assembly can be processed. Each sequential
processing step must be performed at a relatively lower
temperature in order to avoid re-melting solder from a
previous step. This limitation restricts the number of RF
circuits that can be reliably interconnected in a sub-as-
sembly and, therefore, limits the functionality of the radar
system antenna or communications system antenna.
[0007] The difficulty in controlling board flatness exac-
erbates soldering process problems because no two
boards to be interconnected are perfectly flat. Soldering
limitations require two Printed Wiring Boards (PWBs) to
be flat and parallel within, e.g., 76.2-101.2 pm (0.003"-
0.004"), in order to assure the solder will bridge the gap
between connections onthe boards to be interconnected.
Providing boards having a flatness within 76.2-101.2 pm
(0.003"-0.004") requires relatively demanding tolerances
during the design and fabrication of the PWBs. Some of
the flatness limitations can be resolved by soldering the
PWBs together in a press (see e.g. GB 2 057 195), but
higher pressures result in more solder flow. This addi-
tional solder flow can cause shorting between signal pads
and ground planes. Bonding temperature affects solder
flow and also requires precise control of the time-tem-
perature profile. For example, there must be a steep rate
of temperature decline after the solder transitions from a
solid to a liquid. Otherwise, the tin in the solder will oxi-
dize, which weakens the solder joint.

[0008] In another conventional approach, referred to
as the pin approach, pins are soldered into vias. This
approach attempts to mitigate difficulties due to board
flatness limitations by using pins to bridge the gap be-
tween vias to provide interconnection. Pins are soldered
or bonded into vias on one PWB. Then, as the PWBs are
assembled, the pins fitinto matching vias on the opposite
PWB to connect the RF circuits. Pin approach reliability
is reduced by the same process restrictions noted above
for the via pad soldering approach. In addition, the pin
approach is exceptionally sensitive to process variances
such as pin alignment, pin and via dimensional toleranc-
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es, and solder volume because the pin fills most of hole.
[0009] Proper pin alignment assures that the pin goes
up inside the via of the mating board. Pin and via dimen-
sional tolerances are relatively tight, because via drill
size, plating and pin diameter determine whether the pin
fits correctly into the via. Vent holes are sometimes re-
quired in conventional approaches in order to allow gas-
ses to escape during the soldering process. All of the
above mentioned process variances contribute to unpre-
dictable, parasitic circuit reactance that can severely de-
grade the RF performance of a radar or communications
antenna.

[0010] Inafurther conventional approach, so-called Z-
axis adhesive films are used to interconnect multiple lay-
ers of Polytetrafluoroethylene (PTFE) RF transmission
line circuits. This approach requires precise cutting and
placement of the adhesive film between via pads. In ad-
dition, this approach suffers from mechanically and/or
environmentally induced failures due to temperature cy-
cling, humidity, salt fog, etc.

[0011] The high costand limited reliability of many con-
ventional phased array systems has restricted their use
across platforms, applications and frequencies. Many
military radar and communication systems require high
functionality (e.g., multiple beams, multiple frequency
bands) combined with lightweight and low profile tile ar-
rays. Conventional systems have complicated front-ends
often incorporating semi-rigid coaxial cables and epox-
ies. In contrast, tile arrays offer a low cost alternative to
producing highly integrated phased arrays. Tile array fab-
rication is based on a batch process production of mul-
tiple board layers and a correspondingly large number
of vertical interconnections. In commercial applications,
for example "smart antenna arrays" for the cellular phone
market, it is often desirable to integrate RF antenna ar-
rays and associated feed circuitry into low cost, low pro-
file, high reliability packaging. From the L-Band through
the Ka-Band, radarand commercial wireless applications
are pushing higher functional integration and lower cost.
Tile array based multi-layer laminates containing RF
transmission lines and passive and active devices offer
a compact and low-cost solution.

[0012] It would, therefore, be desirable to provide a
reliable, low cost method of interconnecting stripline cir-
cuits in a multi-layer laminate assembly. It would be fur-
ther desirable to provide a method enabling subsequent
sub-assemblies to be repeatedly stacked without affect-
ing critical dimensions or introducing unpredictable par-
asitic circuit reactance.

SUMMARY OF THE INVENTION

[0013] The invention is defined in the claims to which
reference is now directed. The multi-layer stripline as-
sembly interconnection provides a low cost multiple RF
stripline circuit having improved reliability, reduced RF
losses, improved signal noise ratio (S/N), and mechani-
cal integrity is provided.
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[0014] The method forinterconnecting multilayer strip-
line radio frequency (RF) circuits provides a cost effective
way to interconnect multiple RF stripline circuits in re-
peatable bonding steps by combining drilling, copper
plating, etching and lamination of Teflon based or ceram-
ic laminates, and surface mounting techniques. This in-
ventive process provides high performance, multi-layer
RF circuits, minimizes the number of part types and proc-
ess steps and does not require vent holes. In addition,
process control tolerances (e.g., temperature, pressure,
volume of solder and epoxy, solder composition, exact
location of the ball, and via dimension) can be relaxed.
This technique also provides for laminating a relatively
large number of unit cells in multiple bonding steps by
providing a method for repeatedly stacking sub-assem-
blies with minimal effect on certain dimensions and with-
out introducing unpredictable parasitic circuit reactance.
[0015] In one embodiment, a conductive thermoset
epoxy is used to provide the epoxy and epoxy sheet. The
thermoset properties allow a procedure that can be re-
peated to bond a number of sub-assemblies together to
realize atile phased array architecture. The ball grid array
interconnect (BGAI) arrangement enables the realization
of a high performance, low cost, lightweight and low pro-
file Tile Phased Array operating over a range including
the L-Band up through the Ka-Band. The arrangement
of additional multiple layers provides added functionality
in the feed circuit and radiator layers and can include, for
example, analog to digital (A/D) converters and more
complex beam forming circuitry than can be provided with
conventional interconnections. The use ofthermoset ma-
terials enables the production of highly integrated, RF
circuits demanded by high performance radars and com-
munications systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing features of this invention, as well
as the invention itself, may be more fully understood from
the following description of the drawings in which:

FIG. 1is a cross section view of multiple sub-assem-
blies of a system interconnected in accordance with
the present invention;

FIG. 2 is a cross section view of the first sub-assem-
bly of FIG. 1 before interconnection;

FIG. 2A is a top view of the first sub-assembly of
FIG. 2;

FIG. 3 is a cross section view of the first sub-assem-
bly of FIG. 2 showing the addition of solder paste;
FIG. 4 is a cross section view of the first sub-assem-
bly of FIG. 2 showing the addition of a mask and
solder ball;

FIG. 5 is a cross section view of a second sub-as-
sembly before preparation for assembly in accord-
ance with the present invention;

FIG. 6 is a cross section view of a second sub-as-
sembly of FIG. 5 after the addition of conductive
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epoxy in a via and a conductive epoxy sheet;

FIG. 7 is a cross-section view of the interconnection
of the first sub-assembly of FIG. 4 and the second
sub-assembly of FIG. 6; and

FIG. 8 is a flow diagram illustrating the steps to in-
terconnect two RF stripline sub-assemblies in ac-
cordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Before describing the radar system of the
present invention, it should be noted that reference is
sometimes made herein to antenna assemblies having
a particular array shape (i.e. a linear array or planar ar-
ray). One of ordinary skill in the art will appreciate of
course that the techniques described herein are applica-
ble to various sizes and shapes of antenna assemblies.
It should thus be noted that although the description pro-
vided below describes the inventive concepts in the con-
text of a rectangular assemblies, those of ordinary skill
in the art will appreciate that the concepts equally apply
to other sizes and shapes of array antennas including,
but not limited to, arbitrary shaped planar array antennas
as well as cylindrical, conical, spherical and arbitrarily
shaped conformal array antennas.

[0018] Reference is also sometimes made herein to
the array antenna including a radiating element of a par-
ticular type, size and shape. For example, one type of
radiating element is a so-called patch antenna element
having a square shape and a size compatible with oper-
ation at a particular frequency (e.g. 10 GHz). Those of
ordinary skill in the art will recognize, that other shapes
and types of antenna elements may also be used and
that the size of one or more radiating elements may be
selected for operation at any frequency in the RF fre-
quency range (e.g. any frequency in the range of about
1 GHztoabout 100 GHz). The types of radiating elements
which may be used in the antenna of the present inven-
tion include, but are not limited to, notch elements, di-
poles, slots or any other radiating elements know to those
of ordinary skill in the art.

[0019] Referring now to FIG. 1, an exemplary commu-
nications system antenna assembly 100 includes a plu-
rality of PWB sub-assemblies 10a-10n (generally re-
ferred to as sub-assemblies 10) interconnected by a plu-
rality of ball grid array interconnects (BGAI) 12a-12m
(generally referred to as BGAI 12). A portion of the BGAI
12aincludes a plurality of solid metal balls 52b-52d. Each
sub-assembly 10 includes multiple board layers 14a-14j.
The antenna assembly 100 includes a plurality of unit
cells 16a-16n. The unit cells can be arranged in arbitrary
patterns including but not limited to: rectangular, square,
triangular, radial, and spiral shaped patterns. More sub-
assemblies 10 can be interconnected using the BGAIs
12 of the present invention than by conventional inter-
connect means because the use of thermoset materials
allows multiple interconnections (as described in more
detail in conjunction with FIGs. 2-7) and because align-
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ment tolerances between sub-assemblies 10 are relaxed
and within known Printed Wiring Board (PWB) process-
es. Although reference is made herein to a communica-
tions system antenna assembly, those of ordinary skill in
the art will appreciate that the inventive interconnection
methods can be used to fabricate variety of assemblies
including radar system antennas.

[0020] Now referring to FIGs. 2 and 2A, a first stripline
sub-assembly 10a includes a first board layer 14a dis-
posed on a second board layer 14b. The first layer board
layer 14a includes a plurality of plated via 20a-20n (gen-
erally referred to as via 20). For clarity only a portion of
the stripline sub-assembly 10a and a single via 20a are
shown. The via 20a includes an annular pad 22a. The
first board layer 14a further includes a first ground plane
24 which is disposed on a first board core 26 and a strip-
line circuit 28 which is disposed on the first board core
26 and coupled to the plated via 20a. The stripline sub-
assembly 10a includes a non-conductive adhesive layer
30 disposed between the first board layer 14a and the
second board layer 14b. The second board layer 14b
includes a second board core 32 and a second ground
plane 34 disposed on the second board core 32. It will
be appreciated by those of ordinary skill in the art that
the construction of the sub-assemblies can include ad-
ditional board layers and other configurations of board
cores, non-conductive adhesives, vias and stripline cir-
cuits. For example the second board core can include a
plurality of vias (not shown).

[0021] In one particular embodiment, the sub-assem-
bly 10a includes a multi-layer RF stripline circuit, copper
ground planes 24, 34, and Polytetrafluoroethylene (PT-
FE) board cores 26, 32. It will be appreciated by those
of ordinary skill in the art that the sub-assemblies can
include, but are not limited to, ceramic-fiber filled PTFE,
glass-fiber filled PTFE, woven-glass reinforced PTFE,
thermoset polymer composite board assemblies or glass
reinforced hydrocarbon/ceramic board assembles. The
interconnect method described below in detail can be
used to connect both hard (ceramic) and soft PTFE board
assemblies. The stripline sub-assemblies 10 can be fab-
ricated using conventional printed wire board (PWB)
processes.

[0022] Now referring to FIG. 2A a top view of the sub-
assembly of FIG. 2 in which like reference numbers refer
to like elements, the first stripline sub-assembly 10a in-
cludes a first layer board layer 14a which includes a plu-
rality of plated vias 20a-20n (generally referred to as via
20) having an annular pad 22. Each annular pad 22 is
surrounded by an insulated region 36 in the first ground
plane 24 which isolates the via 20 from the ground plane
24. The vias 20 form a base for the BGAI 12 (FIG. 1).
[0023] Now referring to FIG. 3 in which like reference
numbers refer to like elements of FIG. 2, the first stripline
sub-assembly 10a is prepared for interconnection by
temporarily attaching a solder paste mask 40 to the top
ofthefirstground plane 24. After the mask 40 is attached,
arelatively small amount of solder paste 42 is introduced
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into via 20a which will be used for interconnection of the
solid metal ball (not shown) to the via 20. In one embod-
iment, the solder paste 42 includes both solder and a
solder flux for preparing the surface of each via 20. The
solder paste 42 can be applied using known Surface
Mount Technology (SMT) processes, for example. Alter-
natively, the via 20a can be solder plated using known
Printed Wiring Board (PWB) processes.

[0024] Now referring to FIG. 4 in which like reference
numbers refer to like elements of FIG. 2, a plurality of
solid metal balls 52a-52n (also referred to as solder balls
52 and generally referred to as solid metal balls 52) are
disposed on a top portion of the plurality of vias 20 by
first temporarily attaching a solder ball mask 50 to the
top of the first ground plane 24. For clarity only a single
via 20a and a single solid metal ball 52 are shown. After
the mask 50 is attached, the solid metal balls 52, here
for example a plurality of tin-lead alloy metal balls that
readily wet to solder paste (or solder plating), are intro-
duced one per via 20 using known Surface Mount Tech-
nology (SMT) processes as described in more detail in
conjunction with the flow diagram shown in FIG. 8.
[0025] Now referringto FIG. 5in combination with FIG.
2 in which like reference numbers refer to like elements,
a second stripline sub-assembly 10b includes afirst layer
board layer 14c disposed on a second board layer 14d.
The first layer board layer 14c¢ includes a plurality of plat-
ed vias 20a’-20n’ (generally referred to as via 20’), each
via 20’ having an annular pad 22’. For clarity only a single
via 20’ is shown. The first layer board layer 14c further
includes a first ground plane 24’ disposed on a first board
core 26’ and a stripline circuit 28’ disposed on the first
board core 26’. The second stripline sub-assembly 10b
includes a non-conductive adhesive layer 30’ which is
disposed between the first board layer 14c and the sec-
ond board layer 14d. The second board layer 14d in-
cludes a second board core 32’, a second ground plane
34’ disposed on the second board core 32’, and can in-
clude a plurality of vias (not shown).

[0026] The location of the plurality of vias 20’ corre-
sponds to the location of the plurality of vias 20 in the
first stripline sub-assembly 10a. The vias 20’ have a larg-
er diameter than the corresponding vias 20 in the first
stripline sub-assembly 10a. In one embodiment, the via
20’ diameter dj is greater than the solid metal ball diam-
eter d, (FIG. 4) by approximately 10 mils and the solid
metal ball 52 diameter d, is greater than the via 20 di-
ameter d, (FIG. 2) by approximately 5 mils.

[0027] Now referring to FIG. 6, the second stripline
sub-assembly 10b prepared for interconnection includes
a conductive epoxy sheet 62 disposed on the top of the
first ground plane 24’ and a portion of conductive epoxy
60 disposed in each via 20’ adapted to receive the cor-
responding solid metal ball 52 (FIG. 4). In one embodi-
ment, the epoxy sheet 62 is provided by a commercially
available conductive epoxy, Ablefilm® 5025E having a
thickness of approximately from 2 to 4 mils and Ablefilm®
84-1LMI, having similar conductive and thermal proper-
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ties can be used as the epoxy paste 60. The Ablefim®
products are manufactured by the National Starch and
Chemical Company. The epoxy sheet 62 provides a
structure to fill voids between the sub-assemblies 10a
and 10b. Ablefim® 5025E and Ablefim® 84-1LMI are
thermoset materials that cure once after initial heat and
compression which makes these materials practical for
amulti-step lamination process. Moreover, the cure cycle
for Ablefiim® 5025E is relatively insensitive to the max-
imum time at the bonding temperature (i.e., the minimum
time is 1 hour at 150°C). The use of a thermoset conduc-
tive epoxy offers additional advantages: (1) excellent
electrical and thermal conductivity in the x, y and z-axes;
(2) minimal squeeze-out during bonding so that shorts
are relatively less probable near vias and board flatness
becomes less of an issue (allowing larger boards to be
bonded together); (3) meets NASA out-gassing require-
ments and is MIL-STD-883 (Method 511) compliant; and
(4) the epoxy is amenable to punch or laser cutting. In
one embodiment, the conductive epoxy paste is first dis-
pensed into each via 20’. Then a pre-drilled conductive
epoxy sheet, with tooling holes that align it with the board,
is placed over layer 24’. The conductive epoxy is dis-
pensed through a hollow point needle or alternatively is
screened into the vias. It will be appreciated by those of
ordinary skill in the art that other types of thermoset ma-
terials can be used as the epoxy 60 and conductive epoxy
paste 62 material.

[0028] Makingthe via 20’ diameter (with the conductive
epoxy) larger than the via 20 in the first sub-assembly
10a allows the solid metal ball 52 to extend further inside
the larger via increasing the surface area for the bond
and allowing for alignment tolerances between board
sub-assemblies. Thus, the interconnect alignment does
not depend on the bond between the via pads or delicate
control of alignment and soldering of pins. In one partic-
ular embodiment, for example, a Tile Based Subarray
uses a 0.0126-inch diameter via, 0.015-inch diameter
solid ball and a 0.025-inch diameter via in a relatively
tight unit-cell triangular lattice (0.520 inch by 0.600 inch)
at X-Band frequencies.

[0029] Now referring to FIG. 7 in which like reference
numbers refer to like elements in FIGs. 4 and 6, an in-
terconnected assembly 70 includes the first stripline sub-
assembly 10a of FIG. 4 bonded to the second stripline
sub-assembly 10b of FIG. 6. The solid metal ball 52 is
bonded to the plated via 20’ with the conductive epoxy
60, which is in electrical contact with the solid metal ball
52 and the sidewalls and bottom of the via 20’. The first
copper ground 24 of the first stripline sub-assembly 10a
is bonded by means of the conductive epoxy sheet 62 to
form a mechanical and electrical interconnection with the
first copper ground 24’ of the second stripline sub-as-
sembly 10b.

[0030] Now referring to FIG. 8, a flow diagram illus-
trates exemplary steps to interconnect two RF stripline
sub-assemblies in accordance with the present inven-
tion. The procedure starts at step 200. At step 202, a first
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stripline sub-assembly 10a (FIG. 2) is fabricated using
standard PWB processes for the multi-layer stack-up. At
step 204, vias 20 (FIG. 2) are provided corresponding to
the required interconnection between successive sub-
assemblies.

[0031] At step 206, a solder paste mask 40 (FIG. 3) is
attached temporarily to the top of the first ground plane
24. The mask 40 is aligned with the first sub-assembly
10a by using a plurality of alignment pins (not shown).
At step 205, SMT techniques are used to apply solder
paste 42 to the top of the vias on the first stripline sub-
assembly 10a using mask 40 after which the mask 40 is
removed at step 210. In one embodiment, the solder
paste 42 includes solder plus flux. In another embodi-
ment, the vias 20 can be solder plated using known PWB
processes. The solder ball mask 50 holds the solid metal
balls 52 in place as the sub-assembly 10a travels through
a reflow oven. Once the solder in the solder paste 42 (or
solder plating) starts to melt, the solid metal ball 52 is in
fluid contact with the via 20 and drops as a function of its
size and weight further into the via 20 until the walls of
the via interfere with the solid metal ball's 52 movement.
The solder flows and provides a bond between the ball
and walls of the via 20.

[0032] At step 212, a solder ball mask 50 (FIG. 4) is
attached temporarily to the top of the first ground plane
24. The mask 50 is aligned with the first sub-assembly
10a by using a plurality of alignment pins. At step 214,
SMT techniques are used to shake in a solid metal ball
52 into each via 20 on the first stripline sub-assembly
10a. The holes in the mask 50 allow only one solid metal
ball 52 pervia 20. In one embodiment, all the vias receive
a solder ball.

[0033] Atstep 216, the first sub-assembly 10a with the
attached solid metal balls 52 is processed in the reflow
oven. The time and temperature parameters are set to
cause solder paste 42 and the solid metal balls 52 to melt
enough to wet the sidewalls of the vias 20, but retain a
substantially spherical shape. Note that unlike other con-
ventional techniques no venting is required for the reflow
process.

[0034] At step 220, a second stripline sub-assembly
10b (FIG. 5) is fabricated using standard PWB processes
for the multilayer stack-up. At step 222, vias 20’ are pro-
vided corresponding to vias 20 on the first stripline sub-
assembly 10a. The vias 20 having attached solid metal
balls 52 and the vias 20’ form the required interconnection
between successive sub-assemblies when the intercon-
nection process is completed. At step 224, conductive
epoxy 60 (FIG. 6) is dispensed into vias 20’.

[0035] Atstep 226, a conductive epoxy sheet 62 (FIG.
7) is disposed on the second stripline sub-assembly 10b.
The conductive epoxy sheet 62 is aligned with the second
sub-assembly 10b by using a plurality of alignment pins
(not shown). At step 228, the protruding solid metal balls
52 of first stripline sub-assembly 10a are aligned with the
wider vias 20’ second stripline subassembly 10b using a
plurality of alignment pins (not shown). It should be ap-
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preciated that although steps 220 through steps 226 are
shown after steps 202 through 218 in the flow diagram,
typically steps 220 through steps 227 are performed in
parallel with and/or independently from steps 202
through 218.

[0036] At step 230, the aligned first and second sub-
assemblies 10a, 10b are bonded at controlled known
temperatures and pressures specified for the thermoset
materials being used. The two sub-assemblies 10a, 10b
are now mechanically and electrically interconnected.
The temperature and pressure do not have to be tightly
controlled to set the thermoset material (i.e. epoxy 60
and conductive epoxy sheet 62 ). Once set, the thermo-
set material is not affected by subsequent bonding op-
erations at the same temperature and pressure. This
property of the thermoset material allows subsequent in-
terconnection of the combined sub-assemblies 10a and
10b to be further bonded with additional sub-assemblies
10. Steps 202-230 can be repeated with additional sub-
assemblies 10 to provide the communications system
antenna assembly 100.

[0037] It will be appreciated by those of ordinary skill
in the art that multiple sub-assemblies 10 can be bonded
in a single step by providing a plurality of sub-assemblies
10 with solid metal balls 52 on one surface of the sub-
assembly. Alternatively, individual sub-assemblies can
be bonded to the interconnected assembly 70 (FIG. 7)
one sub-assembly 10 at a time to form additional layers
of circuitry on the interconnected assembly 70. In an al-
ternate embodiment, additional passive components
(e.g., circulators, isolators) and active components (e.g.,
A/D converters, ASIC’s, Low Noise Amplifiers) can be
placed between PTFE board cores 26 and 32 (FIG. 2)
and integrated into a multi-layer laminate interconnected
by the plurality of a ball grid array interconnects 12 (FIG.
1).

[0038] It should now be appreciated that one inventive
conceptinthe presentinventionincludes an interconnec-
tion having a first via disposed in a first sub-assembly; a
second via disposed in a second sub-assembly, and a
metal ball disposed between the first via and second via
and adapted to electrically connect the first via with the
second via. Furthermore, the metal ball facilitates align-
ing the first via with the second via and such aligning can
be improved by providing the second via with a larger
diameter than the first via. Finally conductive epoxy dis-
posed about the metal ball and the via ensures electrical
conductivity between the via and the metal ball.

[0039] Having described the preferred embodiments
of the invention, it will now become apparent to one of
ordinary skill in the art that other embodiments incorpo-
rating their concepts may be used. It is felt therefore that
these embodiments should not be limited to disclosed
embodiments but rather should be limited only by the
scope of the appended claims.
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Claims

A method for interconnecting multilayer stripline ra-
dio frequency (RF) circuits comprising:

providing a first stripline sub-assembly, the first
stripline sub-assembly having a first plurality of
vias disposed on a first surface of the first strip-
line sub-assembly;

providing a second stripline sub-assembly, the
second stripline sub-assembly having a second
plurality of vias disposed on a first surface of the
second stripline sub-assembly;

depositing a volume of solder into selected ones
of the first plurality of vias;

depositing each of a plurality of solid metal balls
into the selected ones of the first plurality of vias;
re-flowing the volume of solder on the first strip-
line sub-assembly at a first temperature such
that each of the plurality of solid metal balls is in
fluid contact with a corresponding one of the first
plurality of vias;

disposing a predrilled epoxy sheet on the first
surface of the second stripline sub-assembly;
dispensing conductive epoxy into selected ones
of the second plurality of vias;

aligning the first surface of the first stripline sub-
assembly with the first surface of the second
stripline sub-assembly such that the plurality of
solid metal balls is adjacent a corresponding via
of the second stripline sub-assembly;

and

bonding the first surface of the first stripline sub-
assembly to the first surface of the second strip-
line sub-assembly at a second temperature
such that the epoxy sheet is set and wherein the
second temperature is lower than the first tem-
perature.

The method of Claim 1 wherein the epoxy sheet com-
prises thermoset epoxy.

The method of Claim 2 wherein the thermoset epoxy
is conductive.

The method of Claim 1 wherein the volume of solder
comprises solder paste.

The method of Claim 1 further comprising providing
a solder paste mask disposed on the first surface of
the first stripline sub-assembly.

The method of Claim 1 wherein bonding comprises
bonding at temperature and pressure.

The method of Claim 1 further comprising bonding
a third sub-assembly to the two bonded sub-assem-
blies.
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The method of Claim 1 wherein depositing each of
a plurality of solid metal balls comprises shaking in
solid metal balls.

The method of Claim 1 wherein the epoxy is a ther-
moset epoxy.

The method of Claim 1 wherein depositing each of
a plurality of solid metal balls comprises providing a
mask which allows only one ball per via.

The method of Claim 1 wherein the volume of solder
comprises solder plating on the first plurality of vias.

A method of interconnecting multilayer stripline radio
frequency (RF) circuits comprising:

providing a first stripline sub-assembly, the first
sub-assembly having a first plurality of vias, dis-
posed on a first surface;

providing a second stripline sub-assembly, the
second sub-assembly having a second plurality
of vias, disposed on a first surface;

applying solder to the first plurality of vias;
providing a plurality of solid metal balls into the
first plurality of vias;

re-flowing the solder on the first stripline sub-
assembly at a first temperature;

dispensing conductive epoxy into the second
plurality of vias;

aligning the first surface of the first stripline sub-
assembly with the first surface of the second
stripline sub-assembly such that each of the plu-
rality of solid metal balls is adjacent a corre-
sponding one of the second plurality of vias; and
bonding the first stripline sub-assembly to the
second stripline sub-assembly at a second tem-
perature lower than the first temperature.

The method of Claim 12 wherein applying solder
comprises:

providing a mask disposed on the first surface
of the first stripline sub-assembly; and
depositing solder paste in the first plurality of
vias.

The method of Claim 12 wherein applying solder
comprises solder plating the first plurality of vias.

The method according to claim 12, further compris-
ing the step of placing a predrilled conductive epoxy
sheet on the first surface of the second stripline sub-
assembly prior to aligning the first and second strip-
line sub-assemblies and wherein bonding the first
stripline sub-assembly to the second stripline sub-
assembly additionally bonds the first surfaces of the
first and second stripline sub-assemblies.
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16. A multi-layer stripline assembly interconnection

17.

18.

19.

20.

21.

comprising:

a first stripline sub-assembly having a first sur-
face;

afirst plurality of vias disposed in the first surface
of the first stripline sub-assembly;

afirst plurality of solid metal balls, each disposed
in a respective one of the first plurality of vias;
reflowed solder wetted to the first plurality of vias
and to the first plurality of solid metal balls;

a second stripline sub-assembly having a first
surface;

a second plurality of vias disposed in the first
surface of the second sub-assembly adapted to
be aligned with the corresponding first plurality
of solid metal balls;

a predrilled epoxy sheet disposed on the first
surface of the second stripline sub-assembly;
conductive epoxy disposed in the second plu-
rality of vias.

The assembly of Claim 16 wherein the epoxy sheet
comprises conductive epoxy.

The assembly of Claim 16 wherein the reflowed sol-
der comprises solder plating on the first plurality of
vias.

The assembly of Claim 16 further comprising a plu-
rality of stripline circuits coupled to the first and sec-
ond plurality of vias.

The assembly of Claim 16 wherein the first stripline
sub-assembly includes a second surface and a third
plurality of vias disposed therein; and

a second plurality of solid metal balls, each disposed
in a respective one of the third plurality of vias.

An interconnection comprising:

a first via disposed in a first sub-assembly;

a second via disposed in a second sub-assem-
bly;

a metal ball disposed between the first via and
second via and adapted for electrically connect-
ing the first via with the second via; the metal
ball being connected to the first via by solder
reflowed at a first temperature and connected
to the second via by conductive epoxy set at a
second temperature lower than the first temper-
ature whereby the first and second sub-assem-
blies are bonded together.

Patentanspriiche

1.

Verfahren zum Zusammenschalten von mehr-
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schichtigen Streifenleitungs-Hochfrequenz
Schaltungen, umfassend:

(HF)-

Bereitstellen einer ersten Streifenleitungs-Un-
tergruppe, wobei die erste Streifenleitungs-Un-
tergruppe eine erste Vielzahl von Durchkontak-
tierungen aufweist, die auf einer ersten Oberfla-
che derersten Streifenleitungs-Untergruppe an-
geordnet sind;

Bereitstellen einer zweiten Streifenleitungs-Un-
tergruppe, wobei die zweite Streifenleitungs-
Untergruppe eine zweite Vielzahl von Durch-
kontaktierungen aufweist, die auf einer ersten
Oberflache der zweiten Streifenleitungs-Unter-
gruppe angeordnet sind;

Einbringen eines Lotvolumens in aus der ersten
Vielzahl ausgewahlte Durchkontaktierungen;
Einbringen jeweils einer von einer Vielzahl von
festen Metallkugeln in die aus der ersten Viel-
zahl ausgewahlten Durchkontaktierungen;
Aufschmelzen des Lotvolumens auf der ersten
Streifenleitungs-Untergruppe bei einer ersten
Temperatur, so dass jede von der Vielzahl von
festen Metallkugeln in Fluidkontakt mit einer ent-
sprechenden aus der ersten Vielzahl von Durch-
kontaktierung steht;

Anordnen eines vorab mit Bohrungen versehe-
nen Epoxid-Flachengebildes auf der ersten
Oberflache der zweiten Streifenleitungs-Unter-
gruppe;

Abgeben von leitfahigem Epoxid in aus der zwei-
ten Vielzahl ausgewahlte Durchkontaktierun-
gen;

Aneinanderausrichten der ersten Oberflache
der ersten Streifenleitungs-Untergruppe und
der ersten Oberflaiche der zweiten Streifenlei-
tungs-Untergruppe, so dass jede aus der Viel-
zahl von festen Metallkugeln an eine entspre-
chende Durchkontaktierung der zweiten Strei-
fenleitungs-Untergruppe angrenzt;

und

Bonden der ersten Oberflache der ersten Strei-
fenleitungs-Untergruppe an die erste Oberfla-
che der zweiten Streifenleitungs-Untergruppe
bei einer zweiten Temperatur, so dass das Ep-
oxid-Flachengebilde aushartet, und wobei die
zweite Temperatur niedriger ist als die erste
Temperatur.

Verfahren nach Anspruch 1, wobei das Epoxid-Fla-
chengebilde ein duroplastisches Epoxid umfasst.

Verfahren nach Anspruch 2, wobei das duroplasti-
sche Epoxid leitfahig ist.

Verfahren nach Anspruch 1, wobei das Lotvolumen
eine Lotpaste umfasst.
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Verfahren nach Anspruch 1, ferner die Bereitstellung
einer Lotpastenmaske umfassend, die auf der ersten
Oberflache der ersten Streifenleitungs-Untergruppe
angeordnet wird.

Verfahren nach Anspruch 1, wobei das Bonden ein
Bonden bei einer Temperatur und einem Druck um-
fasst.

Verfahren nach Anspruch 1, ferner das Bonden einer
dritten Untergruppe an die beiden aneinander ge-
bondeten Untergruppen umfassend.

Verfahren nach Anspruch 1, wobei das Anordnen
jeder aus der Vielzahl von festen Metallkugeln das
Einritteln fester Metallkugeln umfasst.

Verfahren nach Anspruch 1, wobei das Epoxid ein
duroplastisches Epoxid ist.

Verfahren nach Anspruch 1, wobei das Einbringen
jeder aus der Vielzahl von festen Metallkugeln das
Bereitstellen einer Maske umfasst, die immer nur ei-
ne Kugel pro Durchkontaktierung durchlasst.

Verfahren nach Anspruch 1, wobei das Lotvolumen
eine Lotplattierung auf der ersten Vielzahl von
Durchkontaktierungen umfasst.

Verfahren zum Zusammenschalten von mehr-
schichtigen Streifenleitungs-Hochfrequenz (HF)-
Schaltungen, umfassend:

Bereitstellen einer ersten Streifenleitungs-Un-
tergruppe, wobei die erste Streifenleitungs-Un-
tergruppe eine erste Vielzahl von Durchkontak-
tierungen aufweist, die auf einer ersten Oberfla-
che angeordnet sind;

Bereitstellen einer zweiten Streifenleitungs-Un-
tergruppe, wobei die zweite Streifenleitungs-
Untergruppe eine zweite Vielzahl von Durch-
kontaktierungen aufweist, die auf einer ersten
Oberflache angeordnet sind;

Auftragen von Lot auf die erste Vielzahl von
Durchkontaktierungen;

Aufschmelzen des Lots auf der ersten Streifen-
leitungs-Untergruppe bei einer ersten Tempe-
ratur

Abgeben von leitfahigem Epoxid in die zweite
Vielzahl von Durchkontaktierungen;
Aneinanderausrichten der ersten Oberflache
der ersten Streifenleitungs-Untergruppe und
der ersten Oberflaiche der zweiten Streifenlei-
tungs-Untergruppe, so dass jede aus der Viel-
zahl von festen Metallkugeln an eine entspre-
chende aus der Vielzahl von Durchkontaktierun-
gen angrenzt;

und
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14.
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Bonden der ersten Streifenleitungs-Untergrup-
pe an die zweite Streifenleitungs-Untergruppe
bei einer zweiten Temperatur, die niedriger ist
als die erste Temperatur.

Verfahren nach Anspruch 12, wobei das Auftragen
von Lot umfasst:

Bereitstellen einer Maske, die auf der ersten
Oberflache der ersten Streifenleitungs-Unter-
gruppe angeordnet wird; und Einbringen von
Lotpaste in die erste Vielzahl von Durchkontak-
tierungen.

Verfahren nach Anspruch 12, wobei das Auftragen
von Lot das Lotplattieren der ersten Vielzahl von
Durchkontaktierungen umfasst.

Verfahren nach Anspruch 12, das ferner den Schritt
des Auflegens eines zuvor mit Bohrungen versehe-
nen leitfahigen Epoxid-Flachengebildes auf der er-
sten Oberflache der zweiten Streifenleitungs-Unter-
gruppe vor der Ausrichtung der ersten und zweiten
Streifenleitungs-Untergruppen umfasst, und wobei
das Bonden der ersten Streifenleitungs-Untergrup-
pe an die zweite Streifenleitungs-Untergruppe zu-
satzlich die ersten Oberflachen der ersten und zwei-
ten Streifenleitungs-Untergruppen aneinander bon-
det.

Mehrschichtige  Streifenleitungsgruppen-Zusam-
menschaltung, aufweisend:

eine erste Streifenleitungs-Untergruppe mit ei-
ner ersten Oberflache;

eine erste Vielzahl von Durchkontaktierungen,
die in der ersten Oberflache der ersten Streifen-
leitungs-Untergruppe angeordnet sind;

eine erste Vielzahl von festen Metallkugeln, von
denen jede in einer entsprechenden aus der er-
sten Vielzahl von Durchkontaktierungen ange-
ordnet ist;

aufgeschmolzenes Lot, das die erste Vielzahl
von Durchkontaktierungen und die erste Viel-
zahl von festen Metallkugeln benetzt;

eine zweite Streifenleitungs-Untergruppe mit ei-
ner ersten Oberflache;

eine zweite Vielzahl von Durchkontaktierungen,
die in der ersten Oberflache der zweiten Unter-
gruppe angeordnet sind und die dafiir ausgelegt
sind, mit der entsprechenden ersten Vielzahl
von festen Metallkugeln aneinander ausgerich-
tet zu werden;

ein vorab mit Bohrungen versehenes Epoxid-
Flachengebilde, das auf der ersten Oberflache
der zweiten Streifenleitungs-Untergruppe ange-
ordnet ist;

leitfahiges Epoxid, das in der zweiten Vielzahl
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von Durchkontaktierungen angeordnet ist.

Anordnung nach Anspruch 16, wobei das Epoxid-
Flachengebilde ein leitfahiges Epoxid umfasst.

Anordnung nach Anspruch 16, wobei das aufge-
schmolzene Lot eine Lotplattierung auf der ersten
Vielzahl von Durchkontaktierungen umfasst.

Anordnung nach Anspruch 16, ferner eine Vielzahl
von Streifenleitungs-Schaltungen aufweisend, die
mit der ersten und der zweiten Vielzahl von Durch-
kontaktierungen gekoppelt sind.

Anordnung nach Anspruch 16, wobei die erste Strei-
fenleitungs-Untergruppe aufweist: eine zweite Ober-
flache und eine dritte Vielzahl von darin angeordne-
ten Durchkontaktierungen; und

eine zweite Vielzahl von festen Metallkugeln, von
denen jeweils eine in einer entsprechenden aus der
dritten Vielzahl von Durchkontaktierungen angeord-
net ist.

Zusammenschaltung, aufweisend:

eine erste Durchkontaktierung, die in einer er-
sten Untergruppe angeordnet ist;

eine zweite Durchkontaktierung, die in einer
zweiten Untergruppe angeordnet ist;

eine Metallkugel, die zwischen der ersten
Durchkontaktierung und der zweiten Durchkon-
taktierung angeordnet ist und die dafiir ausge-
legt ist, die erste Durchkontaktierung elektrisch
mit der zweiten Durchkontaktierung zu verbin-
den;

wobei die Metallkugel durch Lot, das bei einer
ersten Temperatur aufgeschmolzen wird, mit
der ersten Durchkontaktierung verbunden wird,
und durch Epoxid, das bei einer zweiten Tem-
peratur, die niedriger ist als die erste Tempera-
tur, aushartet, mit der zweiten Durchkontaktie-
rung verbunden wird, wodurch die ersten und
zweiten Untergruppen aneinander gebondet
werden.

Revendications

1.

Procédé d’interconnexion de circuits de radiofré-
quence (RF) multicouche a lignes a microruban
comprenant :

la fourniture d’'un premier sous-ensemble a li-
gnes a microruban, le premier sous-ensemble
a lignes a microruban ayant une premiere plu-
ralité de vias disposée sur une premiére surface
du premier sous-ensemble a lignes a
microruban ;
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la fourniture d’un deuxiéme sous-ensemble a li-
gnes amicroruban, le deuxieme sous-ensemble
a lignes a microruban ayant une deuxiéme plu-
ralité de vias disposée sur une premiére surface
du deuxieme sous-ensemble a lignes a
microruban ;

le dépdt d’'un volume de brasure dans des vias
sélectionnées de la premiére pluralité de vias ;
le dépbt de chacune d’une pluralité de billes de
métal solides dans les vias sélectionnées de la
premiére pluralité de vias ;

la refusion du volume de brasure sur le premier
sous-ensemble a lignes a microruban a une pre-
miére température de telle sorte que chacune
de la pluralité de billes de métal solides soit en
contact fluide avec une via correspondante de
la premiéere pluralité de vias ;

le dép6t d’une feuille d’époxy pré-percée sur la
premiére surface du deuxiéme sous-ensemble
a lignes a microruban ;

la distribution d’époxy conductrice dans des vias
sélectionnées de la deuxiéme pluralité de vias ;
I'alignement de la premiére surface du premier
sous-ensemble a lignes a microruban avec la
premiére surface du deuxiéme sous-ensemble
a lignes a microruban de telle sorte que la plu-
ralité de billes de métal solides soit adjacente a
une via correspondante du deuxiéme sous-en-
semble a lignes a microruban ;

et

la liaison de la premiére surface du premier
sous-ensemble a lignes a microruban avec la
premiére surface du deuxiéme sous-ensemble
a lignes a microruban a une seconde tempéra-
ture de telle sorte que la feuille d’époxy soit dur-
cie, la seconde température étant inférieure a la
premiére température.

Procédé selon la revendication 1, dans lequel la
feuille d’époxy comprend de I'époxy thermodurcie.

Procédé selon la revendication 2, dans lequel
I'époxy thermodurcie est conductrice.

Procédé selon la revendication 1, dans lequel le vo-
lume de brasure comprend de la pate a braser.

Procédé selon la revendication 1, comprenant en
outre la fourniture d’'un masque de pate a braser dis-
posé sur la premiére surface du premier sous-en-
semble a lignes a microruban.

Procédé selon la revendication 1, dans lequel la
liaison comprend la liaison a une certaine tempéra-
ture et une certaine pression.

Procédé selon la revendication 1, comprenant en
outre la liaison d’'un troisieme sous-ensemble aux
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deux sous-ensembiles liés.

Procédé selon la revendication 1, dans lequel le dé-
p6t de chacune d’une pluralité de billes de métal so-
lides comprend le dépbt de billes de métal solides
par secouement.

Procédé selon la revendication 1, dans lequel
I'époxy est une époxy thermodurcie.

Procédé selon la revendication 1, dans lequel le dé-
p6t de chacune d’une pluralité de billes de métal so-
lides comprend la fourniture d’'un masque qui ne per-
met le dépdt que d’une seule bille par via.

Procédé selon la revendication 1, dans lequel le vo-
lume de brasure comprend le plaquage brasé sur la
premiére pluralité de vias.

Procédé d’interconnexion de circuits de radiofré-
quence (RF) multicouche a lignes a microruban
comprenant :

la fourniture d’'un premier sous-ensemble a li-
gnes a microruban, le premier sous-ensemble
ayant une premiére pluralité de vias, disposée
sur une premiere surface ;

la fourniture d’'un deuxiéme ensemble a lignes
a microruban, le deuxiéme sous-ensemble a li-
gnes a microruban ayant une deuxiéme pluralité
de vias, disposée sur une premiere surface ;
I'application de brasure sur la premiére pluralité
de vias ;

la fourniture d’'une pluralité de billes de métal
solides dans la premiére pluralité de vias ;

la refusion de la brasure sur le premier sous-
ensemble a lignes a microruban a une premiere
température ;

la distribution d’époxy conductrice dans la
deuxiéme pluralité de vias ;

I'alignement de la premiéere surface du premier
sous-ensemble a lignes a microruban avec la
premiére surface du deuxiéme sous-ensemble
alignes a microruban de telle sorte que chacune
de la pluralité de billes de métal solides soit ad-
jacente a une via correspondante de la deuxié-
me pluralité de vias ; et

la liaison du premier sous-ensemble a lignes a
microruban avec le deuxieéme sous-ensemble a
lignes a microruban a une seconde température
inférieure a la premiere température.

Procédé selon la revendication 12, dans lequel I'ap-
plication de brasure comprend :

la fourniture d’'un masque disposé sur la premie-
re surface du premier sous-ensemble a lignes
a microruban ; et
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le dépbt de pate a braser dans la premiéere plu-
ralité de vias.

Procédé selon la revendication 12, dans lequel I'ap-
plication de brasure comprend le plaquage brasé de
la premiére pluralité de vias.

Procédé selon la revendication 12, comprenant en
outre I'étape de placement d’une feuille d’époxy con-
ductrice pré-percée sur la premiére surface du
deuxieme sous-ensemble a lignes a microruban
avant l'alignement des premier et deuxiéme sous-
ensembles a lignes a microruban et dans lequel la
liaison du premier sous-ensemble a lignes a micro-
ruban et du deuxiéme sous-ensemble a lignes a mi-
croruban lie de plus les premiéres surfaces des pre-
mier et deuxiéme sous-ensembles a microruban.

Interconnexion d’ensembles a lignes a ruban multi-
couche comprenant :

un premier sous-ensemble a lignes a microru-
ban ayant une premiére surface ;

une premiére pluralité de vias disposée dans la
premiére surface du premier sous-ensemble a
lignes a microruban ;

une premiere pluralité de billes de métal solides,
disposées chacune dans une via respective de
la premiére pluralité de vias ;

de la brasure refondue mouillant la premiére plu-
ralité de vias et la premiére pluralité de billes de
métal solides ;

un deuxiéme sous-ensemble a lignes a micro-
ruban ayant une premiére surface ;

une deuxiéme pluralité de vias disposée dans
la premiere surface du deuxiéeme sous-ensem-
ble a lignes a microruban adaptée pour étre ali-
gnée avec la premiére pluralité correspondante
de billes de métal solides ;

une feuille d’époxy pré-percée disposée sur la
premiere surface du deuxieme sous-ensemble
a lignes aruban ;

de I'époxy conductrice disposée dans la deuxié-
me pluralité de vias.

Ensemble selon la revendication 16, dans lequel la
feuille d’époxy comprend de I'époxy conductrice.

Ensemble selon la revendication 16, dans lequel la
brasure refondue comprend le plaquage brasé sur
la premiére pluralité de vias.

Ensemble selon la revendication 16, comprenant en
outre une pluralité de circuits a lignes a microruban
couplée aux premiére et deuxieéme pluralités de vias.

Ensemble selon la revendication 16, dans lequel le
premier sous-ensemble a lignes a ruban comporte
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une seconde surface et une troisieme pluralité de
vias disposée dans celle-ci.

21. Interconnexion comprenant :

une premiére via disposée dans un premier
sous-ensemble ;

une deuxieme via disposée dans un deuxiéme
sous-ensemble ;

une bille de métal disposée entre la premiere 10
via etla deuxiéme via et adaptée pour connecter
électriquement la premiere via a la deuxiéme

via ; la bille de métal étant connectée a la pre-
miére via par de la brasure refondue a une pre-
miére température et connectée a la deuxieme 15
via par de I'époxy conductrice durcie a une se-
conde température inférieure a la premiére tem-
pérature de telle sorte que les premier et deuxié-

me sous-ensembles soient liés ensemble.
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